INTRODUCTION
KRIGING combines programs that most often have been used by USGS geostatisticians for estimation purposes. These programs are receded versions of work developed within the U.S. Geological Survey and under contract for the Department of Energy and published by Journel and Huijbregts (1978) . Some were written as general purpose routines and contained options that were irrelevant or lacked options that would be useful to kriging. Modifications have been made to "customize" them; then all were incorporated into a single interactive system. KRIGING requires active participation by the user. It is written to allow easy progression through the multiple steps involved. The ability to automatically sequence through each step and the inclusion of several default answers streamline its use. Answer screening and interactive explanations reduce the chances that a typographical error or confusion about terminology will cause the program to fail. These, however, are not intended to provide a novice with an automatic solution. Users of this system must be thoroughly familiar with the theories, methods and terminology involved in kriging (Knudsen "aiTa~Klm7 1977) , (Journel anTTTuijbregts, 1978) and ("dark, 1979) .
A permanent record of the program session may be kept in a separate disk file. This provides a convenient way for the user to keep a permanent record of the order in which steps are executed, the intermediate results, all changes made, and the final conclusions reached. This record is referred to as the log of the session. It contains all information output to the user at the terminal along with all input received from the user. This file is a character file which is created at the beginning of a kriging session and updated throughout the session. It is accessible after the user exits (Step 16) the kriging program.
INPUT DATA REQUIREMENTS
KRIGING requires all input data be in STATPAC form (VanTrump and others, 1983) . This format was first developed as a USGS standard for storing geochemical data that required qualifying codes (i.e. greater than, less than, blank data, etc.) be taken into consideration during statistical analyses. The STATPAC system was developed to store these codes and include them as a part of the data during program execution. Much of the USGS data available today is stored in this form and the kriging-based software has been developed to take advantage of the optional presence of qualifying codes.
A major source of coal data, however, is stored in the PACER system (Cargill and others, 1976) , a non-STATPAC file. A separate program is available to convert a specially formatted PACER output file to a STATPAC file. The program is called pacer_tci_statpac. It requires input of the name of the PACER output file, the name to be assigned to the STATPAC file, and the longitude of the central meridian being used. The dataset id "ALL BEDS" is automatically assigned to the STATPAC file. A listing of the PACER commands used to create the output file and a run of the program pacer_to_statpac are given later in this paper.
PROGRAM EXECUTION
Upon execution of the KRIGING program, the user is asked if a permanent log of the session is to be kept, and then to enter the STATPAC input filename. The file locations of the stored coordinates and variable values must also be initialized. If the user is not sure where the north coordinates, the east coordinates, or the variable values being kriged are stored, a printout of the column ids may be obtained through a yes response to the column id print query. This allows a quick review of the ordering of the data. The user is next asked to specify the column numbers for the coordinates, and the variable value to be kriged (referred to as the assay value). These selections will remain constant until the user indicates a change of file and/or variables.
The initializing phase of the program execution is complete. This is indicated by the appearance of the KRIGING menu. The function of each of the 16 routines on the menu is briefly reviewed below. At the finish of execution of each routine, the user is returned to the menu selection stage. STATPAC FILE REVIEW Step 1 (LOOKSTAT) allows the user to selectively view the data stored in the STATPAC input file. The dataset id, number of rows, and number of columns are automatically printed. The user has the option to list the column identifiers and to view all or selected portions of the data. Multiple groupings of rows and/or columns are specified and the selected data are printed with the accompanying qualifiers. The original version of this program (LOOKST) was written by George VanTrump, Jr. (written commun.) .
If the user needs to modify any information contained in the STATPAC file, the program EDSTAT can be used. EDSTAT is available through the STATPAC system (VanTrump, Fife, and Miesch, written commun., 1983) .
CALCULATE BASIC STATISTICS
Step 2 (BASTAT) calculates univariant statistics, correlations, and optionally, histograms and percentiles on user-selected portions of the input datafile. An output STATPAC file containing the selected subset of data can be created. The process of choosing the selected data is similar to that found in Step 1 (LOOKSTAT) with the additional ability to select qualified data only, unqualified data only, or all data with qualifiers ignored. Logarithmic transformations may also be performed prior to processing, The statistics listed for each variable include the maximum value, the minimum value, the mean value, and number of data points that are unqualified. The correlations are listed in matrix form. If the option to print histograms is selected, the column number of the desired variable must be entered and lower limit and class interval may be chosen. After all desired histograms are printed, the percentiles for all selected data may be printed. Finally, BASTAT provides the user with a recycle capability without returning to the KRIGING menu. PLOT DATA Step 3 (MAPPLOT) plots a map on any type of terminal that has a minimum 80 column line. It prompts the user for the directions in which the sample location coordinates increase; east or west, and north or south. The default values are to the east and north. Each sample value is assigned to one of ten equal classes covering the range of the sample variable to be kriged. Symbols (0-9) are used to represent these ten classes. Where more than one sample occurs within a mapping cell, the symbol for the class representing the mean of the sample values is plotted. The X and Y minima and maxima are listed along with the upper and lower values for each of the ten class symbols. An option is also provided to replot the map showing the number of samples per cell. The latter is useful in detecting the presence of duplicate samples where data density is low or cell size is unlikely to contain multiple sample locations.
The original version of this program (MAPPLT) was obtained from A. T. Miesch (written commun.). Additional information about it is available in >uml>statpaodoc>atm.abstracts.
COMPUTE THE SEMI-VARIOGRAM
Step 4 (SEMIVAR) computes the semi-van*ogram. From this point on the users-guide refers to the semi-van* ogram as the variogram. This is due primarily to the wide usage of the term in the user community. Several program prompts also refer to the semi-variogram as the variogram for the same reason.
Step 4 requires appreciable user-specified control input prior to running. The user has the option to read the control input from a separate file or enter it directly from the terminal. The user is asked where the information is being obtained. If it is read from a file, the user has the further option to make changes before the variogram is calculated. Where a change is desired, the user is queried for the number corresponding to the input item to be changed, and then prompted to enter the new information. If the direct entry from the terminal option is selected, prompts will be given for each input item required. In either case, the final set of control input may be saved in a file for reuse in subsequent trial runs. The following is a list of user-specified items in the control input. Following Item 10, the user is asked in sequence 1) whether the control input is to be saved in a file and for a filename, 2) to specify a name for the character output file from SEMIVAR and 3) to specify a name for the plot output file created in Item 3 if the yes response was given. Figure 1 shows a portion of the character output file created by SEMIVAR. In the graphical plot, an & replaces an X where a distance interval class contains less than 30 pairings.
The original version of this program (UGAMM) was written by H. P. Knudsen (Knudsen and Kirn, 1977) . 180. 360.
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PLOT SEMI-VARIOGRAM
Step 5 (PLOTVAR) plots single or multiple variograms on a Tektronix graphics terminal or a Tektronix plotter. If a plotfile was defined in
Step 4 (SEMIVAR), it is automatically used as the input datafile. If the step has not been executed or no plotfile was created, the user is asked to specify an existing plotfile. This allows the user an opportunity to select a plotfile created in a previous run of the program. To do this, the current execution sequence should exclude the creation of a plotfile in Step 4 or should skip Step 4 entirely. The routine has the capacity to plot 5 separate variograms and a theoretical variogram curve simultaneously. The user is prompted for the number of variograms to be plotted. The default value is 5. The variograms are stored in the plotfile in the order in which they were defined in Step 4. Numbers representing the order are entered to indicate which variograms within the file should be plotted.
Regardless of how many variograms are plotted, a single group of graph specifications are used. The maximum X-axis value and the minimum and maximum Y-axis values are required for scaling the graph. Distance between tick marks in either direction may be specified or will default to 1. The number of ticks per annotation may also be entered. These default to 5. If a theoretical curve is desired, it is defined at this time. Provisions exist for constructing a theoretical variogram curve which may be a composite of as many as five nested variograms including spherical, exponential, linear, gaussian and/or cubic components. Finally the user must specify whether or not the output is to go to a plotter.
Once the graph is complete, the user has the option to request a plot using data from another plotfile created by the SEMIVAR routine. Figure 2 is a plot of the all-directional variogram shown in Table 1 with a superimposed theoretical curve.
The routine uses a general plotting package written and maintained by Wahl (written commun., 1977) . For use on the Multics system, the search rule >udd>Potfield>RWahl>plot sys must be invoked prior to program execution. Step 6 (CROSS_VALID) is a two-dimensional routine used to cross-validate variogram models. CROSS VALID provides the user with three possible methods for testing a theoreticaT variogram against the sample data. The methods are 1) using hole-by-hole suppression, 2) splitting a randomly permutted data set into two parts and kriging one subset from another, or 3) selecting the beginning row number of the input data set which is to be validated. Sample points from the row number selected to the last row in the data set are processed.
CROSS_VALID has a choice of universal or ordinary kriging. Universal kriging assumes a systematic change in the assay value across the study area. This relationship is called drift. Ordinary kriging is applicable in stationary cases where sample location has no correlation with the value of the assay (variable). If drift is present, the form of the drift must be supplied. The number of terms in the equation is specified first then the X-and Y-exponents for all but the first term are entered. The first term exponents are automatically set to 0. The user is also required to specify the neighborhood size and population by entering the maximum allowable distance a hole location can be from the centroid and the maximum allowable number of holes to be used in the calculation.
Specification of parameters for the theoretical variogram begins with definition of the nugget value. Provisions exist for entry of up to 5 additional nested variograms through definition of the type curve and by setting the A-and C-values. The routine can accept specification of anisotropy, if present, which may be either geometric or zonal. Geometric anisotropy occurs where the assay variation in one direction is equal to the anisotropy ratio times the variation in another direction. Zonal anisotropy applies where the variation in assay value is dependent not only on distance but also the number of strati graphic layers crossed. If anisotropy is present, both the angle and type must be defined.
The user has the option to print the summary statistics and correlations at the terminal. The kriged average error, root mean square error and reduced root mean square error are printed automatically. STATPAC and character output files containing the results are created. The user must assign both names. The STATPAC dataset header information is printed at the terminal. The STATPAC file contains sample id, X-coordinates, Y-coordinates, assay values, kriged values, kriged errors, kriged standard deviations, and standard deviations for each location. The character output file contains a listing of the values used to define the models, the point by point information contained in the STATPAC file, and if desired, the summary statistics and correlations. The correlations contain information critical to evaluating and determining which theoretical variogram gives the best validation. A portion of the character output file is shown in Figure 3 .
This routine was adapted from UKRIG (Knudsen and Kirn, 1977 ) and a kriging program by Skrivan and Karlinger (1980) . Step 7 (KRIG_GRID) is a two-dimensional point-kriging routine used to krig a grid of points. User specified input parallels that provided in Step 6 for CROSS__VALID with an additional requirement for specifying the grid spacing parameters and coordinates for the southwest corner.
Output may be to a single STATPAC file or to two GARNET files. The GARNET files are gridded datasets, one containing the kriged values and the other the kriging variances. The STATPAC file contains the X-coordinates, the Y-coordinates, kriged values and kriging variances. A character output file is also created, a sample is shown in Figure 4 . The user must assign filenames.
This routine is an adaptation of programs by Kirn and Knudsen and Skrivan and Karlinger, modified by including special algorithms described by Journel and Huijbregts (1978) . Step 8 (KRIG_BLOCK) is a two-dimensional block-kriging routine. It computes the kriged mean value and the kriging variance of a variable over a single block of any specified shape. User input again includes specification of universal or ordinary kriging, neighborhood size and population, a nugget value and variogram model composed of up to five nested variograms. For each variogram, the type, and parameters must be supplied. Anisotropies, if present may be either geometric or zonal, and both the angle and type must be defined.
Coordinates of inflection points along the block boundary must be entered from a stored character file or manually from the terminal. The boundary data must be entered in a clockwise direction, with the northing specified first. The number of grid points in both directions also must be specified. The final entry is a random number keyed in from the terminal.
The kriging results are output to a character file specified by the user and includes a kriging mean and variance for the variable and a listing of sample ids with coordinates, sample value, error measure and kriging weight. A sample of this file is shown in Figure 5 . Step 9 (KRIG_MULT) is also a two-dimensional block-kriging routine. It computes the kriged mean values and kriging variances of a variable in multiple rectangular blocks contained within a single block of any specified shape. The required information is the same as that required in Step 3 with the addition of information about the size, shape and location of the multiple blocks. The coordinates of the southwest corner of the lowermost block must be specified along with the size and total number of blocks in both directions.
Output is to a user-specified character file. For each rectangle whose center is located within the single polygon, the coordinates of the center, a kriged mean value, and kriged variance are given. Figure 6 shows a sample of this file. Step 10 (NORCHI) tests for normality of a variable. Any variable in the STATPAC file may be tested. The user specifies the column number and whether the data are to be logarithmically transformed prior to testing. Basic summary statistics including mean, variance, standard deviation, skewness, kurtosis, minimum value, maximum value and range are listed. Class intervals with corresponding observed and theoretical frequencies are given. Finally, the chi-square value, degrees of freedom and probability level are listed. Because the variables dealt with in kriging are spatially correlated, the degrees of freedom and the probability level are only approximations. (Garratt, 1961) . STEPFORWARD REGRESSION Step 11 (REGRES) performs a stepwise multiple regression and computes related regression statistics. The user has the ability to specify a linear, quadratic, or cubic fit. The assay value is the dependent variable. The independent variables are X, Y, XY, X2 , Y2 , XY2 , X2 Y, X3 , and Y3 depending on the fit chosen. A complete explanation of the procedure originated by Handwerker is in VanTrump (written commun., 1978, Program D0094).
The user must supply several input parameters. REGRES automatically sets the probability level to 1. A title of up to 30 alphanumeric characters is needed. It is used as a header for the printed output. The input dataset id is required. If this is not known, it can be found by reviewing the dataset with LOOKSTAT (Step 1). To maintain as much similarity as possible to the original program D0094, the options are referred to by number and only those available in D0094 are used here.
Option 1 represents how the residuals are handled. It expects a number between 0 and 2. 0 = no residuals computed. 1 = compute and print the residuals. 2 = compute and print the residuals and create a STATPAC file containing the observed dependent, computed dependent, residual and independent variables in the derived regression equation. The recommended and default value for Option 1 is 2. If the information is output to the STATPAC file, the user specifies a filename and dataset id.
Option 2 is provided to force the regression equation through the origin. If this is desired, the option is set to 1. The recommended and default value is 0, i. e. do not force the equation through the origin.
Option 3 is set to 0 if the user wants the correlation matrix printed. This is the default value. To suppress the printing, set the option to 1.
Option 10 allows the user to select the column identifiers used in the output file. If the column identifiers from the input file and standard ids for the newly created columns are to be used, this option is set to 0. 0 is the default value. If new ids are desired, the option is set to 1 and the column identifiers are supplied by the user.
The type of fit is chosen and finally the user is asked if the printer file should be queued, and/or saved. If the file is saved, a name must be assigned. The printer output includes verification of all input parameters, means and standard deviations of selected columns, correlation matrix (if specified), record of sequence in which variables were added to and deleted from the regression equation, regression constant and coefficients, multiple correlation coefficient, sum of squares of the regression residuals, partial correlation coefficients between dependent variable and variables in the regression equation, regression weights, standard error of regression weights, standard error of regression constant and coefficients, standard error of estimate of the dependent variable, percent of the total sum of squares of the dependent variable, and a listing of the observed, computed, and residual values (if specified).
CHANGE IN INPUT DATA
Step 12 (DATA_CHANGE) changes the information pertaining to the input STATPAC file. The user has the option to use a new datafile or use different columns within the current file. If a new file is chosen, the name and the column numbers must be specified. If the existing file is desired, the user will be queried for the column numbers only. In either case, all three columns, X-coordinate, Y-coordinate, and assay value must be specified.
REVIEW DATAFILES
Step 13 (REVIEW) lists the current input datafile name and the column identifiers corresponding to the chosen north coordinate, east coordinate and assay value. All output files created in the current session are listed by name, file type (i.e. STATPAC or CHARACTER), and source (e.g. SEMIVAR).
RANDOMLY PERMUTE DATAFILE
Step 14 (PERMUTER) randomly rearranges the rows in a Statpac datafile.
Step 6 (CROSS_VALID) requires a randomly permutted file as input to the second available validation method.
Step 14 provides the user with the ability to convert the data to the required ordering. The input file in current use is automatically chosen. The user is required to specify a name for the output datafile to be created. The program was adapted from the U. S. Atomic Energy Commission (written commun.).
REARRANGE DATAFILE
Step 15 (STATSORT) sorts a Statpac datafile by primary row id, by secondary row id, or by one, two, or three Statpac variables. The user may specify whether sorting is to be in ascending or descending order and whether the sorting is to be done on the absolute value of the variable. As in Step 14, the input file currently in use is automatically chosen and the user is required to specify the output datafile. The program was also adapted from U. S. Atomic Energy Commission (written commun.).
EXIT THE PROGRAM
Step 16 (QUIT) exits the program and returns the user to system command level. All files are closed and detached. The log of the session is terminated at this point. This log is stored in the user's area under the name XXMonth.sts where XX is the current date and Month is the current month. If more than one run of the program is made in the same day and both kept in a log, the second run is concatenated at the end of the first and a single .sts file is created. It is a character file so may be viewed by the user simply by issuing a print or a dprint system command.
WORKED EXAMPLE
Below is an example of the process used to convert a PACER output file to a STATPAC file. The sample includes the creation of the PACER file using the required output format. KRIGING provides the user with an easy to use, complete method of kriging a datafile. It requires that the user be knowledgeable in the geostatistical procedure and familiar with the data. No advanced knowledge concerning use of the program itself, however, is necessary. All steps and requirements are explained during execution and safeguards are provided to insure the execution of individual routines.
